Conswnption of Se-enriched plants or yeast-based nutritional supplements is reported to reduce the risk of cancer. S ep aration and identifi cation of natural organoselenium compounds in these plants is essential to understand the basis for their biological activity. Earlier work suggests that plants convert inorganic selenium in the soil or growth medium into organoselenium compounds, such as selenoamino acids, following a route similar to the sulfur assimilatory pathway. To separate and detect selenoamino acids in plant extracts, we employ ion pair LC with an inductively coupled plasma mass spectrometer (ICP-MS) detector and capill ary GC with an atomic emission detector (AED), for underivatized and derivatized compounds, respectively. Volatile selenium compounds, such as those found in human garlic breath, have been analyzed using GC AED. Results involving Se-enriched garlic and yeast-based nutritional supplements are presented.
INTRODUCTION
Selenium, once considered an element whose compounds were toxic and of no biochemical significance, is now recognized as an essential micronutrient whose absence causes skeletal and cardiac muscle dysfunction. 1 ,2 It is required for the proper function of the immune system and for cellular defense against oxidative damage, and thus may play a role in the prevention of cancer and premature aging . 3 The dramatic change in the way the element and its compounds are viewed stems from discoveries that selenium prevents liver necrosis in rats, that selenocysteine (HSeCH 2 CH(NH 2 )COOH; Cys-SeH) is present at the active site of glutathione peroxidase, 5 '-deiodinase, selenoprotein P and various other essential selenoproteins, 4 that in animal studies super nutritional levels of selenium (ca. 3 mg Se per gram of diet, which is 30 times the required level of 0. 1 mg per gram of diet) inhibited or retarded carcinogenesis, and that in human trials enhanced dietary levels of selenium (as a selenized yeast supplement containing 200 mg Se, given daily) reduced the incidence of colorectal, lung or prostate cancers. 5 The level of 200 mg Se per day is well below the level of ca. 2000 mg Se per day at which point toxic effects of Se begin (fatigue, "garlic breath", hair loss, immune system impairment, weakened fingernails, etc.). It has also been established that garlic enriched with selenium shows enhanced cancer preventitive properties compared to normal garlic. [6] [7] [8] Significantly, synthetic Se-alk(en)yl selenoamino acids, postulated to be present in normal and Se-enriched garlic, also show anticarcinogenic activity. 6 -8 Garlic is one of several vegetables containing elevated levels of selenium. 9 The bioavailability of selenium in food products of vegetable origin is high (ca. 60% of total content), although little is known about the form in which selenium is found. Selenoproteins 1 0 and a selenopolysac charide, 11 are said to be present in garlic. Broccoli is said to accumulate high levels of unknown forms of Se.1 2 Cabbage grown with H2 7 5 se03 is reported to contain various seleno-amino acids, -peptides, andproteins.1 3 In 1 9 64, Virtanen reported on the basis of radioisotope studies that onion contained the selenoamino acids selenocystine ((HOOC CH(NH2)CH2Se)2) and selenomethionine (HOOCCH(NH2)CH2CH2Se-Me) and tentatively identified selenoamino acid selenoxides.1 4 Seteno methionine selenoxide l5 _ and Se-methyl selenocysteine selenoxide (and selenone) 1 6 are reported to be present in marine phytoplankton and algae, respectively. Virtanen's discovery suggested that there might be a selenium-based flavor chemistry in Allium spp. parallel to that based on sulfur, e.g. originating from soil selenate (Seo 4 -2 ) or selenite (Se03 -2 ).
In selenized yeast supplements as well in Se-enriched garlic, Se is believed to be present in an organic form. However the low levels makes characterization difficult. While the natural abundance of sulfur in garlic and onion is typically more than 1 0,000 times higher than that of selenium, Se-enrichment could occur in crops grown in regions con taining higher than average levels of Se in the soil, such as parts of central California. In our work we seek to develope new methods for determining the speciation of Se at very low (e.g. "natural") concentrations and establish the manner in which Se exerts its anticancer action.
THE BIOLOGICAL ROLE OF SELENIUM
One way in which selenium compounds may exert their protective effects is by intercepting so-called "reactive oxygen species", which otherwise would damage lipids or cleave DNA. In the course of normal respiration, ca. 1-4% of oxygen escapes complete 4-electron reduction to water after accepting the initial electron, forming superoxide anion rad- isomers of Se-1-propenylselenocysteine. LC conditions are sufficiently mild that they can be applied to thermally unstable selenoamino acid selenoxides. 19 Alternatively, treatment of selenoamino acids with ethyl chloroformate affords stable volatile derivatives which can be characterized by GC-MS and GC-AED. In the analysis of plant material, to establish a selenium mass balance, total selenium is also determined by microwave digestion of the sample using concentrated HN03 followed by ICP-MS measurements. This method works well for levels higher than MeSeSC3H5; the S channel showed AIISH, MeSAII and AIISSAII with lesser amounts of MeSSMe, MeSSC3H5, an isomer of AIISSAII (presumably MeCH=CHSSAII), C3H5SC3H5 and C3H5SSSC 3 H5. 22, 23 In this same study we also examined the composition of the Se and S compounds in garlic breath as a function of time. After four hours, the levels of MeSeMe, AIISSAII, AIISAII and MeSSMe were reduced by 7 5 % from the initial levels of 0.4 5 ng/L (MeSeMe); 4 5 ng/L (AIISSAII), 6 . 5 ng/mL (AIISAII), and 1.8 ng/L (MeSSMe). The AIISH could only be found in breath immediately after ingestion of garlic. In view of the very low threshhold detection level for low molecular weight organoselenium compounds, 2 4 it is likely that compounds such as MeSeMe contribute to the overall odor associated with garlic breath. It has been previously reported that MeSeMe, which has a garlic-like odor, is found in the breath air of animals fed inorganic Se compounds 25 and humans who have acci dentally ingested Se compounds. 26 Studies involving consumption of larger quantities of garlic (38 g) indicate persistence of levels of sulfur compounds as high as 900 ppb in the subject's breath for more than 32 hours. 2 Water extracts of Se-enriched plants were also analyzed by HPLC-ICP-MS using C8 or C18 columns with 98/2 water/methanol and 0.1 % trifluoroacetic acid (ion pair conditions). 29 , 30 These analyses show that Se-methylselenocysteine is the major component along with lesser amounts of Se-methionine, selenocystine, and selenate and selenite salts in high selenium garlic. However a considerable number of interesting unknown selenium-containing components remain to be identified. More than 20 selenium species were found to be present in Se-enriched yeast.
Selenium speciation in these samples was found to be sample dependent.
Thus, the chromatographic profile of Se-enriched garlic changes with the level of selenium present.19 Se-enriched yeasts from different sources also show distinctly different chromatographic profiles. I 9 The basis for these differences remains to be established.
Oxidation of the selenoamino acid standards with excess hydrogen peroxide was investigated. 19 For each selenoamino acid oxidized, a new Se-containing peak was produced. No original selenoamino acid peaks were found, indicating that all of the reactants were consumed. All of the selenoamino acid oxidation products eluted within the first six minutes. The earlier elution times are presumed to result from the increased polarity of the species arising from the addition of oxygen. When selenomethionine (LC peak retention time 7.2 minutes) was oxidized with hydrogen peroxide the presumed selenoxide (retention time 2.2 minutes) could be completely reduced back to selenomethionine with thiosulfate solution, as previously reported. 31 The oxidation products of Se-1 -propenylselenocysteine could be separated on a 25 cm C 1 8 column, indicating that the geometrical isomerism persisted unchanged during oxidation. Work is in progress to further characterize the various Se-alk(en)yl selenoamino acid selenoxides.
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